ABSTRACT BACKGROUND -Despite decades of intensive anti-tobacco initiatives, millions of people are still smoking. The health authorities are seeking new tools and extended knowledge. Screening programs may, in addition to the potential health benefits from early detection of smoking related diseases, also increase smoking cessation among participants. This study examines the effect of screening participation by comparing the smokers' cessation hazard in screening years to nonscreening years. METHODS -All smokers (n=10,471) participated in a three-wave cardiovascular screening and were followed up over a maximum of 14 years. The panel was merged with administrative registers. We used a flexible discrete-time duration model to investigate the effect of the screening program while simultaneously accounting for the possible influence of personal characteristics, addiction indicators, economic factors, health status and health changes. Specifically, we examined and compared long-term smokers (LT; smoked ≥25 years) with short-term (ST; smoked ≤ 5 years) and medium-term (MT; smoked 10-20 years) smokers. RESULTS -We found that 29% of LT smokers quitted smoking during the follow-up whereas 32% of MT and 48% of ST smokers reported the same. The screening participation years stood out as especially important for all groups. The impact of the first screening was particularly high, and for the first two screenings, the effect was higher for long-term smokers than for the smokers with shorter smoking careers. Receiving an abnormal test result was not associated with a significant increase in cessation hazard for any group of smokers. CONCLUSIONS -The substantial effect of being invited to and participating in a screening appears robust, and may prove useful when discussing future policies for smoking cessation. This paper suggests that further initiatives for consultations with health personnel, in this case through a screening program, could increase the quitting hazard. KEYWORDS -cigarette cessation, duration model, quitting hazard, screening, long-term smokers, health status and shocks, policy intervention 
Introduction
Measured by the substantial drop in the prevalence of daily cigarette smokers, the western anti-tobacco policy has been relatively successful. Still, further reduction is an important target for health authorities. Anderson et al., 2009; Styn et al., 2009; Townsend et al., 2005; Ostroff et al., 2001) . In addition to examining the possible effect of screening outcome we also examine whether participants' initial health and changes in health status over time impact the cessation rate, i.e. we are able to take into account an extensive set of self-reported and objective health measures. The three screening dates will be denoted as R1, R2, and R3.
Data and sample description
Altogether 65,624 subjects were invited to the first screening in the three counties, and 88% participated (Bjartveit, Foss, Gjervig, & Lund-Larsen, 1979) . Of all those invited, the attendance rates for the second and third screenings were 88% and 84%, Unauthenticated Download Date | 1/7/15 1:23 PM was left out of the analyses.
Demographic variables: Table 1 Table 1 .
Long-term smokers also reported a higher frequency of having a physically demanding job (dummy actwork) and a higher frequency of exercise (dummy exercise) than the group with a smoking career less than 6 years. More LT-smokers received disability pension (dummy disabled) than both of the other groups.
Negative health shocks, recorded as dummies at R2 and R3, may have started to influence smoking behaviour prior to that date (e.g., the individuals may have experienced symptoms indicating lung problems soon after the previous screening). As described in Table A2, 
Econometric model
Studies examining cigarette quitting either employ a discrete choice framework or duration models (Forster and Jones, 2001 ). Many logistic and probit models of quitting are found in the literature, see e.g. In addition to the set of covariates, we also accounted for unobserved heterogeneity. Several ways of modelling heterogeneity in survival processes were considered; the Akaike and the Bayesian information criteria (AIC and BIC) suggested that the gamma specification was superior to the normal and the discrete multinomial distribution, so the results shown in Table 2 are based on a cloglog model with gamma distributed heterogeneity.
The model and the method are described in more details in the Appendix. All data analyses were completed using Stata version 12.1.
Results
The non-parametric hazard rates for ST-, The following analysis, based on the model and methods described in more details in the Appendix, examine whether the hazard pattern presented in Figure 1 is spurious or could be interpreted as a distinct effect of the screening participation and outcome. Table 2 Table   2 , that is, the same covariates were statistically significant and of basically the same magnitude. Not unexpectedly, the coefficients for the time dummies changed somewhat more, in particular the dummies for periods 2 and 7 (corresponding to R1 and R2 for many respondents). They switched from being small and non-significant to becoming larger and significant.
Concluding remarks and policy implications
The strong and significant impact of the screening intervention on the quitting hazard is interesting and suggests that the screening itself could explain the peaked pattern in Figure 1 . The first screening had the largest effect but the influence of subsequent screenings also seems considerable. to take action. Also, the quitting hazard shortly after participation was high, which is in line with results reported of the effect of CT screenings on smoking cessation (Styn et al., 2009; Ostroff et al., 2001 ).
This screening effect may seem to stand in some contrast to the results reported in the RCT studies mentioned above (Ashraf et al., 2009; van der Aalst et al., 2010; Shi & Iguchi, 2011; Barry et al., 2012) . These RCT studies did not find an effect on smoking behaviour when comparing those who received lung cancer screening to their control groups. They all found, however, that screening participants had higher cessation rates than the general population of non-participants. Our study differs in two important aspects; Firstly, our study participants constitute their own control groups, i.e. we compare the quitting hazard in screening years to that of nonscreening years for the same individuals.
We find that the risk of cigarette quitting is higher in screening years than in nonscreening years for the smokers that constitute our study group. Secondly, in our study, all inhabitants in certain age groups were invited to participate in the screening and the response rate was remarkably high (88%). This probably implies that the problem of self-selection into screening participation is less pronounced in this study than in studies with a more restricted population from which the participants were invited. Thus, one may expect that the difference between the current sample and the general population is smaller here than in the above cited studies. The validity of self-reported smoking behaviour can be questioned, however, and it has been claimed that smokers are inclined to underestimate the amount smoked or to deny their smoking all together (Patrick et al., 1994) . This reporting bias may be more pronounced for the number of cigarettes smoked per day than for whether or not they smoke. One limitation is that the records are from only a three-wave panel within a fourteen year period, and thus provide less information about the two intervening periods. The problem of "heaping" (i.e. the tendency that people report "round" numbers, see e.g. Bar and Lilliard, 2012) could in our case relate both to the number of reported years since they started to smoke and to the number of years since the quitters gave up their habit. As we have split the smokers into groups depending on their pre-sampling smoking career and have set the categories so that they comprise the "round" numbers (5, 10, 15, and 20) as well as the numbers nearby, the potential effect of the first type of "heaping" should be substantially reduced. Further, "heaping" with respect to the number of years since quitting is probably less problematic here than in other datasets, as the relevant retrospective period at each screening interview was relatively short (less than 6 years for most quitters).
The data may, of course, be criticised for being somewhat old and to some extent 
NOTES
1 The counties and the screening periods were: " Oppland" 1976 Oppland" -1978 Oppland" , 1981 Oppland" -1983 Oppland" , 1986 Oppland" -1988 "Sogn og Fjordane" 1975 -1976 , 1980 -1981 , 1985 -1986 , and "Finnmark" 1974 -1975 , 1977 -1978 , 1987 -1988 information could not be used due to obvious measurement errors. To avoid possible selection bias, these subjects (8.8%) were assigned a randomly picked year of smoking cessation within the 1-5 year interval.
To test the sensitivity of the assignment we re-ran the estimations for the three groups excluding this subgroup of quitters. The estimates remained roughly unchanged and the hazard ratios of screening were still highly significant and their value increased for all groups.
Appendix: Model and method
We employ a discrete-time hazard model, with τ denoting the first observation year and t the running calendar year, index the individual smokers by i (i=1, 2,…, n ) and analyse the stock of persons conditional on already being a smoker (see Lancaster, 1990, p. 91 and Verbeek, 2004, p. 247) . The observation period for individual i extends from period t=τ till period t=τ+s i . Its length is i-dependent both because a person was dropped from further follow-up from the year he/she ceased smoking (uncensored cases, δ i =1) and because the the study design implied that the follow-up period differed among those who continued smoking (censored cases, δ i =0).
Letting and ( < τ < ) represent the calendar periods in which individual i begins and ends smoking, respectively, the hazard rate for year t, i.e., the probability that smoker i quits in year t, conditional on having started in period and having smoked until period t, is
Since the probability that smoker i did not cease smoking in period t is (1-h i,t ), the conditional probability of observing the event history in the case of continued smoking throughout the observation window [τ, τ+s i ] is:
Using (1) and (2), the probability that individual i quits smoking during the study interval is
Combining (2) and (3), the log-likelihood can be expressed as To parameterize we chose the cloglog function, which implies that the complementary, continue smoking, probability is ( ) Here is a linear function of observed covariates x it, and the duration dependence, ϴ(t). In modelling two time variables are involved: time in process as a smoker and time in the screening process, because a respondent's inclination to cease smoking is likely to depend on how long he/she (i) has been addicted to smoking and (ii) has been scrutinized by health authorities and thereby has accumulated health screening information. We model ϴ(t)
flexibly, using a piecewise constant function based on year dummies, allowing for stepwise changes in the coefficient vector by splitting the sample according to the length of the smoking career (SC) before observation starts, i.e., = τ -.
Denoting the coefficient vectors of x it and ϴ(t) by, respectively, and µ j , if the length of the pre-sample smoking career belongs to the j'th interval I j (ST-, MT-and LT-smokers, respectively) , letting ε i, represent unobserved heterogeneity, we have 
